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© Method of nonlinear A/D conversion. 
© A non-linear analog-to-digttal converterOO) in which an 
output of a non-linear analog-to-digital conversion circuit(30) 
Is applied to a look-up table memory(40). The contents of the 
look up table(40) are adjusted to compensate for variance in 
the conversion circuit or to provide a different conversion. 
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METHOD OF NONLINEAR A/D CONVERSION 
BACKGROUND OP THE INVENTION 

Field of the Invention 

The present invention relates to a method of 
converting an electric analog signal into digital signals 
by using a non-linear A/D converter* 
Background of the Invention 

Various methods of eonverting an analog signal 
into digital signals have been put into practical use. in 
an image signal processing system, the original image on 
paper , a microfilm or the like is scanned by laser light, 
and the reflected or transmitted laser • light is 
photoelectrical^ converted into an image signal. The 
analog image signal is subjected to .A/D conversion to 
generate digital image signals which are subjected to 
gradation compensation, tdge emphasis or other digital 
processing. * In such image signal processing, it is always 
necessary to convert the analog image signal into digital 
image signals having digital values reflecting the density 
of the original image in order to make a sharp and dear 
reproduced image with fidelity to the original image. 
However, if the digital signals converted from the analog 
image signal have been digitised with too few bits, then 
in the digital electrio processing, the continuously 
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Pig. 1 shows curves each indicating the relation 
between the density D of a reproduced image and the 
density interval AD with eight bit digitisation. The 
density D is shown along the abscissa and the density 
interval AD is shown along the ordinate in Pig. 1. Curves 
I and II indioate ideal oases of AL* and aL** respectively 
being held constant. For the ideal oases , the density 
range o£ between 0 and 2.4 is illustrated. 

tJsuaily# the density is subjected to linear A/D 
conversion {with digitisation of eight bits, for example). 
Curve III indicates the relation between the density and 
the density interval in the linear A/D conversion. It is 
understood from the ideal curves I and II and the linear 
curve III that the density can be finely divided at its 
lower portion (light side) but is roughly divided at its 
higher portion (dark side). Therefore, the density 
interval becomes larger at the higher end of the density 
due to the human visual characteristic. 

Since the human visual characteristic is often 
considered to be logarithmic, the A/D conversion is thus 
performed in some oases after logarithmic conversion. 
Curve IV indicates the relation between the density and 
the density interval in the logarithm^ conversion over 
the same density range, It i> understood from the 
logarithmic curve IV that it is nearer to the ideal curves 
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I and II. However, this density is divided at its higher 
end more finely than the actual resolving power of the 
human eye so am to make the density appear to be smoothly 
changing, but the discontinuity of the density looks 
conspicuous at its lower end* 

Although it is impossible that the human visual 
characteristics L* and L** indicated by the ideal curves I 
and II art attained through the use of an electric 
circuit/ an approximation to the characteristics can be 
expected to be performed to provide an improved 
characteristic to enhance the quality of a reproduced 
image* for the approximation , the use off an A/D converter 
having a non-linear conversion characteristic has been 
conventionally tried* The nonlinear A/D converter is now 
briefly described with reference to rigs. 2A and 2B. 
Fig. 2A shows the basic circuit constitution of the 
conventional nonlinear A/D converter 10. A converting 
section (ADC) 12 converts an input analog signal into 
output digital signals* The output terminal of a first 
amplifier 14 is connected to the signal input terminal Vjn 
of the converting section 12* The negative terminal of 
the first amplifier 14 is connected to an image signal 
input terminal 16 through a resistor Ri, and the positive 
terminal of the first amplifier is grounded. A feedback 
resistor R2 is connected between the negative terminal and 
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output terminal of the first amplifier 14. The negative 
terminal of tht first amplifier 14 is connected to a power 
iupply through an offset adjustment resistor *o* The 
output terminal of a second amplifier 18 is oonneoted to 
the reference input terminal Vrep of the converting 
section 12. The negative terminal of the second amplifier 
18 ie connected to the image signal input terminal 16 
through a gain adjustment resistor Rg *»d is also 
connected to the power supply through a bias adjustment 
resistor Rb» A feedbaok resistor R3 connects the output 
terminal and the negative input terminal of -the second 
amplifier 18. The positive terminal of the second 
amplifier 18 is grounded. The conversion output signal s 
of the nonlinear A/0 converter 10 can be expressed as 

s ■ (2*» - l) x / (ex + b) 
vhtre x denotes an input image signal* ax 4 b denotes a 
referenoe signal, H denotes the number of bits in 
digitisation, a coefficient a is determined by the gain, 
and another coefficient b is determined by the bias. 

If N is given as a value of 8, the above 

equation becomes 

k ■ 255 x / (ax + b) 
Therefore, * ■ 0 results from x - 0. If x - ax + b is 
givnn t.n. x - h/U - a), r ■ 255 results. If & and b «re 
approximately determined, digital outputs Adi and A d 2 (Adi 



8135812170 



# * • 

0231950 

- 6 - 

- A<5 2 ) can be obtained for enaloy inputs A *i and Aft2 (Aai 
/ L*2)r thus anabling equal division, as shown in Fig. 2B 
which indicates tha conversion characttristic of the 
nonlinear A/D converter. The analog inputs to the 
converter 12 and the digital outputs therefrom are shown 
along the abscissa and the ordinate, respectively, in 
Fig. 2B. It is understood from Fig. 2B that the resolving 
power for the digital output from the nonlinear A/D 
converter can be altered depending on the level of the 
analog input. 

Whan the nonlinear A/D converter 10 having the 
above-described conversion characteristic is provided in 
an image signal processor, the visual discontinuity of a 
reproduced image, which has been a problem in the 
conventional art, can be reduoed to make the density or 
gradation of the image look to be naturally changing to 
human eyes. 

However, when the nonlinear A/D converter is 
used, the nonlinear conversion characteristic is affected 
by the irregularities of the components of the image 
signal processor so that the conversion characteristic 
varies from processor to processor. For that reason, 
there is a problem that reproduced images of the same 
density cannot be obtained when the identical original 
image is read by different processors. 
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SUMMARY OF TBB INVZKTION 

Accordingly, it is an objtct of the present 
invention to provide a nonlinear A/D conversion method in \ 
which reproduced images of the aame density are obtained | 
even if the identical original image is read by different 
image signal processors. 

In the nonlinear A/D conversion method provided 
aoaording to the present invention, an electric input 
analog signal whose level changes is converted into j 
digital signals by a nonlinear A/D converter. In that 
c&BSf conversion characteristic data on the nonlinear A/D 
converter are measured first. Digital values compensated 
on the basis of previously obtained reference data and 
corresponding to the level of the electric input analog 
signal are obtained in terms of the measured conversion 
characteristic data and then stored in a look-up table 
memory. The stored digital values are used as the digital 
signals corresponding to the analog signal actually 
inputted^ 

BRIEF DESCRT PttlOM Of THE DRAWINGS 

rig. 1 shows curvea indicating the relation 
between density and density interval to explain an A/D 
conversion method provided according to the present 
invention, and conventional A/D conversion methods. 

Pig. 2A shows a block diagram of a nonlinear A/D 
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convtrttr which is ustd in the A/D conversion method 
provided According to tht present invention, and the 
conventional A/D conversion methods. 

Fig. 2B is a drawing for explaining the 
nonlinear A/D conversion characteristic of the converter. 

Fie, 3 shows a block diagram of the main part of 
an image signal processor to which the nonlinear A/D 
conversion method provided according to the present 
invention is applied. 

Fig. 4 shows a flow chart of operation steps for 
embodying the present invention. 

Figs. 5A and SB show characteristic curves for 
explaining conversion characteristics for describing the 
present invention. 

DETAII/ED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In a preferred embodiment of the present 
invention, the measured conversion characteristic data are 
used as data in conversion from a linear characteristic to 
a nonlinear characteristic. The previously obtained 
reference data are used as values in conversion from the 
linear characteristic to a logarithmic characteristic. 
Also the digital values are used a* values in conversion 
from the nonlinear characteristic to the logarithmic 
characteristic. 

It is preferable in embodying the present 
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invention that tht eleotrio input analog signal is an 
image signal obtaintd by reading tht original image on 
paper, a film or the like. 

The conversion characteristic of the nonlinear 
A/D converter ia maaaured for eaah image aignal prooasaor 
in whloh the converter is provided. The irregularities of 
the components of the processor and its characteristics 
are thus compensated so that the digital output signals 
having the proper digital values are generated 
correspondingly to the electric input analog signal. 

An embodiment of the present invention, which is 
nonlinear A/D conversion method, is hereafter deaoribed 
with reference to the drawings. 

Fig. 3 shows a blook diagram of an example of 
the main part of an image signal processor to which the 
nonlinear A/D conversion method is applied. The main part 
is a circuit in which an analog image aignal obtained by 
reading the original image on paper, a film or the like is 
subjected to nonlinear A/D conversion to generate a 
digital signal which ie sent out from the circuit to a 
line memory (not shown in the drawings) for image signal 
processing or to another processing oirouit. 

Fig. 3 shows an input section 20 for reading the 
original image to generate the analog imaga signal which 
ia an electric input analog signal. The input section 20 
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include* & photomultiplier (PMT) 21 and an operational 
amplifier 22 (OP AMP). A nonlinear A/D converter (HL A/d 
CONV.) 30 perform* the A/D conversion of the input image 
signal x to generate a provisional digital signal s. 
Compensated digital values »• corresponding to the 
provisional digital signals s are storad in a look-up 
table memory (LUT) 40. The compensated digital value s' 
corresponding to the provisional digital signal is read as 
a converted digital signal out of the look-up table memory 
40 and sent out to a next section. 

Various eleotrio components are provided between 
the input section 20 and the converter 30 which are 
necessary ro adjust the offset and gain off the input 
analog signal in measuring the conversion characteristics 
data on the nonlinear A/D converter 30 and actually 
processing the signal. The electric components include a 
switch 23, a first synthesis circuit 24, a first 
operational amplifier 25, a first multiplying D/A 
converter 26 , a second synthesis circuit 27 and a second 
operational amplifier 28 which are connected in series 
vith each other between the input section 20 and the 
nonlinear A/D converter 30. 

A controller 29 regulates the whole circuit 
shown in Pig. 3. The controller 29 includes a CPU and 
other necessary control circuits which are not 
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specifically shown in Fig. 3. 

The first synthesis circuit 24 functions so that 
an offset signal for adjusting the offset of the input 
image signal, whioh is produced by the combination of the 
input section 20, the first operational amplifier 25 and 
the first multiplying D/A converter 26, is applied (added) 
to the image signal. A signal from a first register 31 is 
supplied as the offset signal through a second multiplying 
D/A converter 32 in accordance with a command from the 
controller 29. 

The first multiplying D/A converter 26 functions 
so as to adjust the gain of the input image signal. In 
order to adjust the gain, a gain value stored in a RAM 33 
is read out of it and supplied to the first multiplying 
D/A converter 26 through a second register 34, in 
accordance with a command from the controller 29. 

The second .synthesis eircuit 27 functions so ^ 
that an offset produced by the operational amplifier 28 
and the nonlinear A/D converter 30 is adjusted. In order 
to adjust the offset, a signal from a third register 35 is 
supplied as an offset" signal through a third multiplying 
D/A converter 36 in accordance with a command from the 
controller 29 , in the same manner as the above-mentioned 
adjustment of the preceding offset. 

The switch 23 functions bo that the input image 
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signal from the input section 20 and an input signal 
having a prescribed constant vtlue and supplied from a 
terminal 37 at ths time of the measurement of a 
characteristic? are changed over from one to the other in 
accordance with a command from the controller 29* 

The output z of the nonlinear A/D converter 30 
or the output z* of the look-up table memory 40 can be 
entered into the CPU of the controller 29. Data can be 
stored in the look-up table memory 40 from thm CPU. The 
multiplying D/A converters 26, 32 and 36 arc also denoted 
by DAC-08 in Fig. 3. 

The nonlinear A/D conversion method is now 
described with reference to Figs* 3, 4 and 5* Fig. 4 
shows a flow chart of operational steps of the method 
Fig. 5 shows a characteristic curve for explaining a 
conversion characteristic used for describing the present 
invention* 

The measurement of conversion characteristic 
data on the non-linear A/D converter is first described 
with regard to a case of digitisation with eight bits (N « 
8)* The circuit shown in Fig* 3 is put in operation in 
step Bl» At that time, although it is not always 
necessary, the switch 23 is shifted to a terminal for a 
prescribed input signal I of lv in accordance with a 
command from the controller 29. The output x of the first 
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multiplying D/A converter 26 is expressed as x = d-i/(2 n - 
1) « D» 1/255 where D denotes a gain from the RAM 33* 
Conversion data falling on a straight lino with an 
inclination of 45° are written from the CPU of the 
controller 29 into the look-up table memory 40 in a step 
sfi. This means that the output of the nonlinear A/D 
converter 30 is outputted from the look-up table memory 40 
while effecting no change thereto. 

In step 83 r values, all of which are set to 
zero, are written into the RAH 33 in accordance with a 
command from the controller 29. These sero values are 
supplied to the D/A converter 26 through the evoond 
register 34 to zero the output x of the converter 26* 

The step 84 r the offsets of the operational 
amplifier 28 and the nonlinear A/D converter 30 are 
adjusted by the use of the third register 35 in accordance 
with a command from the controller 29. The command makes 
the magnitude of the output z * 255 x / (ax + b) of the 
nonlinear A/D converter 30 and that of the output of the 
look-up table memory 40 zero so as to fix the offset 
values • in thiB case, a and b are supposed to be 
optionally adjusted values except for zero* A conversion 
characteristic data curve is plotted in Pig. 5 showing the 
output of the RAM along the axis of abscissa and that of 
the nonlinear A/D converter 30 or that of the look-up 
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table memory 40 along the axis of ordinate. As a result 
of the adjustment of the offsets, the start point of the 
conversion characteristic data curve can be set at the 
origin (0, 0). 

In step 65 r N-bit data (which are 8-bit data in 
this case), namely 0, 1, 2, 3, ... and 255 are written 
into the RAM 33. If the switch 23 is not already shifted 
to the reference terminal 37, the switch is shifted 
thereto. 

In accordance with a command from the controller 
29, the maximum data value (2 M - 1) (which is 255 in this 
oase) in the RAM 33 is read out of the second register 34. 
At this time, the offset value of the first register 31 is 
determined and then fixed so that the output of the look- 
up table memory 40 becomes a cotfreponding value (2 M - 1), 
which is 255 in this case. The Plfe, i.e. 255, value of 
the output of the RAM 33 and that of the output of the 
look-up table memory 40 are thus made to coincide with 
each other at the upper end point of the conversion 
characteristic data curve Bhown in Pig. 5. 

in order to measure the conversion 
characteristic of the non-linear A/D converter 30, in step 
87, the data 0, 1, 2, 3, (2* - D, ... and 255 

written in the RAM 33 are sequentially read out of the 
second register 34 in accordance with a command from the 
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controller 29 which has the effect of reading the 
corresponding output produced on' the look-up table memory 
40. i 

Kith the eerie* of operetione as deeoribed 
above, the conversion characteristic of the nonlinear A/D 
converter 30- is obtained as shown in Fig* 5A. The 
characteristic data include the irregularities of the 
components of the image signal processor and its inherent 
characteristics . 

The digital values from sero (0) to FF on the 
axis of abscissa in Fig, 5A correspond linearly to levels 
of electric input analog signal which is indicative of the 
amount of light received after having passed through the 
film or having been reflected on the paper or the like. 
While the levels of the input signal and the corresponding 
digital values represent a linear characteristic, the 
corresponding outputs of the look-up table memory 40 are 
nonlinear due to the conversion characteristic of the 
nonlinear A/0 converter 30* Ori the other hand/ density 
values (or values proportional thereto) having a 
logarithmic characteristics with respect to the input 
signal have previously been written in the memory (not 
shown) of the CPU of the controller 29. The density 
values can be obtained by subjecting the input signal to 
logarithmic conversion. The relation of the digital 
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value* corresponding to the input signal and the density 
values is indicated by tht curve" in the region I of Pig. 
SB. For the purpose of explanation/ the curve of Fig. 5A 
is depicted symmetrically with respect to the axis of 
abscissa in the region XV of Fig. 5B. 

In step 88/ comptnoated digital values 
corresponding to the level of the input signal are 
calculated in terms of the reference data and the 
conversion characteristic data in the memory of the 
0 controller 29$ and then stored in the look-up tabale 
memory 40. More specifically/ referring to the curve 
shown in region IV of Fig. 5B, the digital values on the 

i 

axis of lower side ordinate corresponding respectively to 
the consecutive digital values on the axis of right side 
abscissa are nonconseeutive numbers. With this 
nonconsecutive digital values/ new consecutive digital 
values from sero (0) to FF which are referred to as 
compensated digital values are made to be in one-to-one 
correspondence. Vhe curve in the region II of Fig. SB is 
drawn to indicate the density level for the respective 
compensated digital values. The data on this curve are 
stored in the look-up table memory 40. She operation is 
thus completed in a step 89. Since the measured 
conversion characteristic data are data in the conversion 
from the linear characteristic to the nonlinear 
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eharaeteristic and t'ht reference data are tha value in the 
conversion from the linear characteristic to the 
logarithmic characteristic, values in digital conversion 
from the nonlinear characteristic to the logarithmic 
characteristic can be easily calculated in terms of the 
conversion characteristic data and the reference data. 

•Ehe cpo of the controller 29 inoludea a 
read/write circuit (not shown in the drawings) for reading 
in the output of the looH-up table memory 40 and writing 
the read output into the look-up table memory 40 in order 
to perform the offset adjustment for the etart and end 
points of the above-mentioned [conversion characteristic 
data curve. The read/write j circuit can be easily 
manufacture by conventional electronic circuit 
techniques. 

The CPU of the controller 29 also includes a 
means (not shown in the drawings) for calculating values 
in conversion from the nonlinear characteristic to the 
linear characteristic, and a ipeans (not shown in the 
drawings) for calculating the values in the conversion 
from the linear characteristic to the logarithmic 
characteristic, in order to perform conver.ion from the 
nonlinear characteristic to the logarithmic 

characteristic . 

If the input signal is an image signal generated 



• 



0231950 



- 18 - 



by reading an original image of changing density, the 
digital values stored in the look-up table memory 40 are 
cor.pen.ated digital value, which are d.n.ity value, 
exactly corre.ponding to the change in the density of the 
ima ge. m that case, because of the conversion 
characteristic or the nonlinear A/D converter, the 
relation betve.n the density and the density interval has 
a characteristic shown by the curve V in rig. 1 and 1b 
■imilar to the ideal characteristic shown by the curve II 
Khich indicates the case of At-** being held constant. 
Although the coefficient, a and b are set at 0.65 and -0.7 
reB pectlv.ly and a condition of 0 * x * -2 i- ««t for the 
curve v, the values for a, b end x are not confined to 
these conditions It is understood from the curve V that 
the visual characteristic is proved especially at the 
Xower portion of the density, land the discontinuity of 
gradation at the lower portion of the density i» thus 
reduced so as to make the reproduced image look with 
substantially continuous gradation to human eyes. 

' m order to actually read the original image, 
the switch 23 16 first shifted to the input section 20 to 
read an ordinary whit, reference plate and an ordinary 
bl ack reference plate to calibrate the image algnal 
processor, a. in the prior art. After that, the reading 
of the original image 1. started. According to the 
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P r...nt invention, digital density valus. corresponding to 
the analog value, of the -read image Bignal are 
sequentially read out of th. look-up table memory 40 and 
„nt out at digital signals to the next section. 

The present invention is not confined to the 
above-described embodiment, but can be applied to aural 

signal^ prooeasing as well. 

It is obvious that a circuit constitution 

different from that adopted in the above-described 

pediment may also be adopted to embody the present 

invention. 

in th. nonlinear A/D Conv.r.ion method provid.d 
.wording to th. pr...nt invention, a nonlln..r conv.r.ion 
cher.ct.tl.tlc o» be mad. .i-lut fee » U~l vl.u.l 
conversion cheraot.ri.tic or th. Ilk., » d..orlb.d above, 
so that . reproduced lw or the like i. perceived a. 
having . continuouely changing distribution of density. 
Even if th. nonlineer A/D conv.r.ion cr.er.ot.rl.tlo ha. .n 
irr.gul.rlty. the irregularity 1. automatically 
CO m P .n..t.d to enable i-g. processing .1th good 
..produced gradation vdthout ; being aff.et.d by the 
ohac.ct.rl.tic of th. image .Ignal processor or the like. 



t • 

• • ♦ • 

* • • 



B^ 1 



6135812170 ... f # _.. 2ft 2%i^ffi*F' l \'irt's' 

0231950 



• • • ■ 

• • • 

• • * 



4 
1 



- 20 - 



What: ia olaimad is* 

1. A method for A/0 :convarsion comprising tha 

steps of i 

subjecting * varying jLevel analog signal to a 
non-linear analog-to-digltal conversion in a converter to 
produce .js. provisionary digital signal; 

measuring conversion characteristic data of said 
converter for a plurality of analog input signals of known 
values; 

compensating said conversion characteristic data 
according to predetermined reference data corresponding to 
said plurality of analog input signals » 

storing Bald jsompensated conversion 
characteristic data in a look-up table memory* and 

accessing said look-up: table memory according to 
aaid provisionary digital signal; 

2. A method as recited in Claim 1, further 
compiling reading an original Ug« to provide an image 
signal as said varying level analog signal. 

3. k method as reoited in Claim li 

wherein said conversion characteristic data are 
data for converting from a linear characteristic to a non- 
linear characteristic! 

wherein said reference data are data for 
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convtrting from the linear characteristic to a logarithmic 

i 

characteristic; and 

wherein said Compensated conversion 
characteristic data are data for* converting from the non- 
linear characteristic to the logarithmic characteristic. 

4* A method as recited in Claim 2i 

wherein said conversiojn characteristic data are 
data for converting from a lineafc characteristic to a non- 
linear characteristic; 1 

wherein said reference data are data for 
converting from the linear characteristic to a logarithmic 
characteristic; and 

wherein said Compensated conversion 

characteristic data are data foif converting from the non- 

j 

linear characteristic to the logarithmic characteristic, 

5* A method aa recited in Claim 1, wherein 
said measuring step comprises i ' 

storing a linear function in said look-up table 

' i 

memoryt 

subjecting said plurality of analog input 
signals to sai'd non-linear analcg-to-digital conversion in 

said converter to produce calibrating digital signals; and 

i 

accessing said look-up table-memory stored with 
said linear function according to said calibrating digital 
signals. 
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6. 

comprising i 
a 



A non-linear anilog-to-digital convtrttr 



non-linear analjg-to-digital conversion 



circuit receiving an analog input signal) 

a look-up table memory reoeiving an output of 
■aid conversion circuit and producing a digital output of 
■aid converter! 

t 

'means for providing predetermined analog values 
to said conversion circuit) and 

means responsive to said digital output for said 
predetermined analog value for storing values in said 

i 

look-up table memory. 

7. A converter ae recited in Claim 6# wherein 
said storing means calculates siid values according to a 
conversion between said predet< rmined analog values and 
said digital output for said predetermined analog values 
and according to a predetermined conversion between said 
predetermined analog values and logarithmetio values 
corresponding to said predetermined analog values. 

B. A converter as recited in Claim 1, further 
comprising i 

means for adjusting Jaid input signal to said 
conversion oircuit to bs a maximim value) and 

means for adjusting said input signal to said 
conversion oircuit to be a minimum value. 
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